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The risk of Burkitt lymphoma (BL) is increased in HIV-infected patients as compared to general population in
Europe and in the US. This effect might be due to immune suppression and low CD4-cell counts associated with
the development of AIDS. However, there is also evidence of a direct effect of HIV on B cell proliferation and dif-
ferentiation, which may account for the development of B cell malignancies. We shall discuss possible mecha-
nisms of implication of HIV in BL with a focus on the role of different viral components (Tat, Nef and gp120
proteins, viral envelope) in the c-myc/IgH translocation characteristic of BL.
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Introduction. Burkitt lymphoma (BL) in African child-
ren is known to be associated with EBV infection. How-
ever, this is not always the case with the sporadic cases
of BL in adults in other geographical areas [1, 2]. The
incidence of sporadic BL is significantly increased in
HIV-positive patients [3]. One of the EBV-encoded
RNAs (EBER) characteristic of the latent viral cycle
could be found only in about 30 % of HIV-related lym-
phoma cases [2]. Therefore, lymphomagenesis may be
caused in these 30 % of cases by reactivation of EBV
upon HIV infection, although these data are contested
(compare [4], and [5]). At the same time, at least 70 % of 
cases of HIV-positive BL do not have a direct link to
EBV infection.
The relative risk of various NHLs (Non-Hodgkin’s
lymphomas, to which BL pertain) in HIV-patients is
clearly associated with immunodeficiency. Most of the
lymphomas develop after the development of AIDS and
the risk increases with the increase in viral loads and de- 
crease in CD4-cell counts [6–8]. However, one cannot
exclude the role of HIV itself in lymphomagenesis. In
this review we are going to discuss mechanisms of HIV-
associated BL, and various viral components that could
be implicated in oncogenesis.
Molecular mechanisms of lymphomagenesis. The
specific genomic trait of BL cells is a translocation of c- 
myc gene to imunnoglobulin gene loci, accompanied
with c-myc oncogene overexpression [1, 9, 10]. In 80 % 
of BL cases B lymphocytes exhibit a translocation bet-
ween the c-myc and IgH (immunoglobulin heavy chain) 
genes on chromosomes 8 and 14, respectively. Other
variants include translocation between c-myc and other
immunoglobulin gene loci on chromosomes 2 or 22
(IgK and IgL genes, respectively) [10]. The translocation
is caused by errors in DNA repair via Non-Homologous 
End Joining (NHEJ). This mechanism joins two ends of 
broken DNA located in the immediate proximity [10–
12]. The translocation partners therefore should be loca-
ted closely together so that translocation could occur.
In normal na¿ve B-lymphocytes, IgH and c-myc loci 
are colocalized only in 6 % of the nuclei in mouse and
humans ([12], Klibi et al., unpublished results). How-
ever, 5 min after induction of B cell proliferation with
IL-4 admixed with antibodies to IgM and CD40, c-myc
rapidly relocates from the border of the nucleus to trans-
cription factories, including those with actively expres-
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sed IgH gene. This causes an about 3-fold increase in
IgH/c-myc colocalization rates [12]. The increased IgH/
c-myc colocalization may consequently increase the trans- 
location rate.
HIV and B cell abnormalities All the viral compo-
nents that may contribute to B cell activation and the
subsequent colocalization of c-myc and IgH loci might
play a role in HIV-associated lymphomagenesis.
HIV infection leads to multiple B cell abnormali-
ties, including hyperactivation, immunoglobulin class
switching and HIV-specific B lymphocyte maturation
[13–15]. Moreover, there are data on the relation of in-
creased risk of lymphomagenesis with B cell activa-
tion upon viral infection [16]. It should be noted that the-
re are other data that argue against such correlation [6].
HIV virions, Tat, and Nef, and possible lymphoma-
genesis. HIV infects primarily macrophages and T lym- 
phocytes, although infection of some B cell subpopula-
tions is also possible at a very low rate [17]. However, the
virus may attach to B cell surface [18, 19]. It is likely
that such binding may somehow alter B cell function. For
instance, it has been shown that HIV-1 envelope protein
Gp-120 decreases human B cell chemotaxis and CD62
ligand expression, and increases CD95-mediated B cell
apoptosis in B cells isolated from human tonsils [20].
Another crucial viral component that can greatly in- 
fluence B cells is the HIV-Tat protein, a small hydro-
phobic protein that is excreted by virus-infected cells
and can penetrate through the membrane of other cell ty-
pes [21]. Treatment of peripheral blood mononuclear
cells with recombinant Tat protein at 12–24 nM (0.15−
0.28 mg/ml) up-regulated Fas expression in B cells,
which is a sign of B cell activation [22]. Conversely, ad- 
dition of extracellular Tat at 0.5–1 mg/ml decreased the
proliferation of tonsillar B cells stimulated with anti-
IgM antibody and IL-4 or anti-IgM and CD40 antibo-
dies [23]. Thus, Tat could be a potent modulator of B cell 
proliferation, which may lead to B cell malignancies.
Consistent with this hypothesis, transgenic mouse lines
expressing Tat exhibited increased rates of malignant
lymphoma of B-cell origin one year after birth [24]. How-
ever, histological features of lymphoma cells of these
mice differed from those characteristic of human BL.
Nef protein also released by HIV-infected cells was
recently shown to penetrate B cells and to alter B cell
response via direct and indirect mechanisms. Swingler
et al. presented evidence that HIV-1 Nef induces ferri-
tin secretion from infected macrophages via activation
of NFκB, which causes B cell activation and hypergam- 
maglobulinemia [25]. Recent work by Xu et al. showed
that HIV-infected macrophages were able to connect to B
cells via nanotubes, which induces transfer of Nef protein
to B cells [26]. It should be noted that soluble Nef was
also shown to enter B cells in vivo and in vitro without any
nanotubes [27]. In the same study Nef was shown to sup-
press CD40-dependent immunoglobulin class switching
in B cells, which leads to B cell dysfunction and might
influence the likelihood of lymphomagenesis.
Conclusions. The majority of HIV-related Burkitt
lymphomas are not associated with EBV infection. HIV 
was shown to activate B lymphocytes and alter B cell
response in vitro and in vivo. Various viral components, 
such as viral envelope, Tat and Nef proteins can come
in contact with B cells or penetrate them and have been
shown to be implicated in B cell activation and misregu-
lation of B cell functions. All these factors may contri-
bute to prolonged relocalization of c-myc to transcrip-
tion factories and, therefore, to the proximity of IgH
gene, which may cause subsequent c-myc/IgH translo-
cation followed by B cell immortalization and cancer.
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Â²Ë: çâ’ÿ çîê ç ë³ìôîìîþ Áåðê³òòà
Ðå çþ ìå
Ë³ìôî ìà Áåðê³òòà ç âè ñî êîþ ÷àñ òî òîþ çóñòð³÷àºòüñÿ ñå ðåä Â²Ë-
³íô³êî âà íèõ ïàö³ºíò³â ïîð³âíÿ íî ç³ çäî ðî âè ìè ëþäü ìè. Òàêà çàêî-
íîì³ðí³ñòü ìîæå áóòè ïî â’ÿ çà íà ç ³ìó íî ñóï ðåñ³ºþ ³ çíà÷ íèì çìåí-
øåí íÿì ê³ëüêîñò³ CD4-êë³òèí ó ëþ äåé, õâî ðèõ íà ÑÍ²Ä. Îäíàê º â³-
äî ìîñò³ ³ ùîäî ïðÿ ìî ãî âïëè âó â³ðóñó íà ïðîë³ôå ðàö³þ òà äè ôå -
ðåíö³þâàí íÿ B-êë³òèí. Ìîæ ëèâ³ ìå õàí³çìè àñîö³àö³¿ Â²Ë ç ë³ìôî -
ìîþ Áåðê³òòà ìî æóòü âêëþ ÷à òè ÿê âçàºìîä³þ ñà ìî ãî â³ðóñó ç B- 
êë³òè íà ìè, òàê ³ ðîëü ð³çíèõ êîì ïî íåíò³â â³ð³îíà ³ â³ðóñ íèõ á³ëê³â
(Tat, Nef, gp120, îá îëîí êà â³ðóñó). Â ì³í³îãëÿä³ îá ãî âî ðþºòüñÿ âïëèâ
Â²Ë ³ á³ëê³â Â²Ë íà òðàíñ ëî êàö³þ c-myc/IgH, õà ðàê òåð íó äëÿ êë³òèí
ë³ìôî ìè Áåðê³òòà.
Êëþ ÷îâ³ ñëî âà: ë³ìôî ìà Áåðê³òòà, óòâî ðåí íÿ ë³ìôîì, Â²Ë-1. 
Ò. Ì. Öôàñ ìàí, Ì. Êëè áè, À. Ì. Ïè ÷ó ãèí, Ì. Ëè ïèí ñêèé, 
Å. Ñ. Âà ñåö êèé
ÂÈË: ñâÿçü ñ ëèì ôî ìîé Áåð êèò òà 
Ðå çþ ìå 
Ëèì ôî ìà Áåð êèò òà âñòðå ÷à åò ñÿ ñ áîëü øåé ÷àñ òî òîé ñðå äè ÂÈ×-
èí ôè öè ðî âàí íûõ ïà öè åí òîâ ïî ñðàâ íå íèþ ñî çäî ðî âû ìè ëþäü ìè.
Ýòà çà êî íî ìåð íîñòü ìî æåò áûòü ñâÿ çà íà ñ èì ìó íî ñóï ðåñ ñè åé è 
çíà ÷è òåëü íûì óìåíü øå íè åì êî ëè ÷åñ òâà CD4-êëå òîê ó ëþ äåé,
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áîëü íûõ ÑÏÈÄîì. Îäíà êî åñòü äàí íûå è î ïðÿ ìîì âëè ÿ íèè âè ðó -
ñà íà ïðî ëè ôå ðà öèþ è äèô ôå ðåí öè ðîâ êó B-êëå òîê. Âîç ìîæ íûå
ìå õà íèç ìû àñ ñî öè à öèè ÂÈ× ñ ëèì ôî ìîé Áåð êèò òà ìî ãóò âêëþ -
÷àòü â ñåáÿ êàê âçà è ìî äå éñòâèå ñà ìî ãî âè ðó ñà ñ B-êëåò êà ìè, òàê 
è ðîëü ðàç ëè÷ íûõ êîì ïî íåí òîâ âè ðè î íà è âè ðóñ íûõ áåë êîâ (Tat,
Nef, gp120, îá îëî÷ êà âè ðó ñà). Â ìè íè îá çî ðå îá ñóæ äà åò ñÿ âëè ÿ íèå
ÂÈ× è áåë êîâ ÂÈ× íà òðàíñ ëî êà öèþ c-myc/IgH, õà ðàê òåð íóþ äëÿ
êëå òîê ëèì ôî ìû Áåð êèò òà.
Êëþ ÷å âûå ñëî âà: ëèì ôî ìà Áåð êèò òà, âîç íèê íî âå íèå ëèì ôîì,
ÂÈ×-1.
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